To evaluate the prevalence of bladder neck contracture (BNC) and its risk factors in patients undergoing radical prostatectomy in Korea. Materials and Methods: We analyzed data from 488 patients with prostatic cancer who underwent radical prostatectomy performed by seven surgeons in seven hospitals, including 365 open radical prostatectomies (ORPs), 99 laparoscopic radical prostatectomies (LRPs), and 24 robot-assisted laparoscopic radical prostatectomies (RARPs). Patients with BNCs were compared with those without BNCs to identify the risk factors for BNC occurrence. Results: Overall, BNCs occurred in 21 of 488 patients (4.3%): 17 patients (4.7%) who underwent ORP, 4 patients (4%) who underwent LRP, and no patients who underwent RARP. In the univariate analysis, men with BNCs had a longer length of time before drain removal (12 days vs. 6.8 days, p＜0.001), which reflected urinary leakage through the vesicourethral anastomosis. In the multivariate analysis, the length of time before drain removal was the only predictor of BNC (odds ratio, 1.12; p=0.001). Intraoperative blood loss was higher in patients with BNC, but the difference was not statistically significant.
INTRODUCTION
The prevalence of prostate cancer increases with age [1] . Fortunately, screening using prostate-specific antigen (PSA) and transrectal prostate biopsies enables the early diagnosis and treatment of prostate cancer. In addition, surgical treatments for localized prostate cancer are associated with safe and favorable outcomes [2] , and the proactive surgical treatment of prostate cancer is encouraged worldwide.
The prevalence of bladder neck contracture (BNC), one of the most common complications of prostate cancer surgery, is reported to be variable. In the 1990s, its prevalence was as high as 30% [3] , but the prevalence has been reduced to 2.0% to 5.0% through advancements in surgical techniques and the introduction of new surgical methods, including robot-assisted laparoscopic radical prostatectomy (RARP) and pure laparoscopic radical prostatectomy (LRP) [4] [5] [6] . However, even though the prevalence of BNC has been reduced dramatically, when it does occur, BNC markedly reduces the quality of life of patients, and endoscopic operative procedures such as transurethral bladder neck incisions must be performed in cases refractory to metal sound dilation [7] . Although several factors have been hypothesized to cause BNC, its etiology remains controversial. There are few studies of BNC in Asian populations, including Koreans. In this study, therefore, we aimed to identify the prevalence and risk factors of BNC after radical prostatectomy in Koreans.
MATERIALS AND METHODS
This study was conducted as a retrospective research study in 488 patients with prostate cancer who underwent radical prostatectomy at 7 different hospitals from January 2004 to December 2008. The patient data were collected for analysis from 7 hospitals with the approval of each hospital's Institutional Review Board.
In all patients undergoing open radical prostatectomy (ORP) through the retroperitoneal approach, vesicourethral anastomosis (VUA) was performed with six interrupted sutures. If any leakage was identified during saline injection through the Foley catheter, additional sutures were added. In patients undergoing LRP and RARP, a double-armed 3-0 monofilament suture was performed in a running fashion for VUA, and parachute reconstruction of the bladder neck was done without mucosal eversion. With saline irrigation, the anastomosis was confirmed to be watertight. The retroperitoneal approach was used in all RARP procedures, and LRP was performed through the retroperitoneal or transperitoneal approach.
Cystography was performed 14 to 21 days after the surgery, and when VUA healing was confirmed, the Foley catheter was removed. If the amount of fluid discharged through the drain was ≤30 mL/d, the anastomosis was considered healed and the Jackson-Pratt drain was removed.
During a follow-up visit, uroflowmetry and postvoiding residual urine measurement were performed in patients who complained of obstructive voiding symptoms. If a low maximum urinary flow rate or large amounts of residual urine were identified, diagnostic cystoscopy was performed. If it was challenging to advance the 18-Fr cystoscope into the bladder, the patient was diagnosed with BNC. Metal sound dilatation was performed to manage mild BNC. Patients who were refractory to sound dilatation were treated by means of a cold knife endoscopic incision.
Differentiated data were collected and analyzed in the four categories (Table 1 ).
Statistical analysis
Univariate analyses (Student's t-test, Mann-Whitney's U test, Fisher's exact test) were conducted for variables. Multiple logistic regression analyses by dummy variables were used to identify the effects of operative method, neurovascular bundle (NVB) preservation, racquet handle repair, mucosal eversion, intraoperative blood loss, and length of time before drain removal on the occurrence of BNC. Values of p＜0.05 were considered statistically significant.
RESULTS
The patients' baseline data are presented in Table 2 . No significant differences in baseline characteristics were found between patients treated by ORP, LRP, or RARP. The mean follow-up period was 32.4 months (range, 9 to 62 months).
A total of 488 patients participated in this study. BNC occurred in 21 patients (4.3%) in total: 17 patients (4.7%) who underwent ORP, 4 patients (4.0%) who underwent LRP, and 0 patients who underwent RARP. When the 21 patients with BNC were compared with the patients without BNC, the length of time before drain removal, which reflects postoperative urine leakage from the VUA, was significantly longer in the BNC group (12 days) than in the BNC-negative group (6.8 days). However, there were no significant differences in other variables ( Table 3 ). The multivariate analysis also showed that the length of time before drain removal was the only predictor of BNC (odds ratio [OR], 1.12; p=0.001) ( Table 4 ). The mean time after RP for BNC occurrence was 8.5±11.5 months (range, 1.7 to 48.7 months).
In the patients who had undergone ORP, BNC occurred in 17 of 365 patients (4.7%). The length of time before drain removal was significantly longer in the BNC group (11.9 days) than in the BNC-negative group (6.7 days, p=0.017). The amount of intraoperative blood loss was 2,126 mL in the BNC group and 1,487 mL in the BNC-negative group, but the difference was not statistically significant (p=0.916). A total of 25 of 348 patients (7.2%) in the BNC-negative group had previously undergone TURP, whereas no patients in the BNC group had previously undergone TURP (p=0.618). The operative time in the BNC group was longer than in the BNC-negative group (273.6 minutes vs. 250.8 minutes), but the difference was not significant (p=0.308) ( Table 4 ). The multivariate analysis indicated that the time before drain removal was the only parameter with effects on BNC occurrence (OR, 1.199; p ＜0.001).
In the patients who had undergone LRP or RARP, 4 of 99 patients (4.0%) who underwent LRP and 0 of 24 patients who underwent RARP had BNC. The length of time before drain removal was longer in the BNC group than in the BNC-negative group (12.3 days vs. 7.2 days, p=0.027). The operation time of the BNC group was also longer than that in the BNC-negative group (462.5 minutes vs. 314.3 minutes, p=0.003). However, according to the results of the multivariate analysis, operation time was the only significant predictor of BNC occurrence (OR, 1.013; p=0.017). BNC did not occur in the four patients who had previously undergone TURP (Table 5) .
DISCUSSION
In the present study, the rate of occurrence of BNC was 4.3%, and there was no significant difference in BNC occurrence between ORP and LRP patients. The rate of occurrence of BNC in patients undergoing ORP was similar to the results of studies conducted after 2000 [4, 8, 9] , but the rate of occurrence in patients undergoing LRP was higher than in previous studies [10] .
The length of time before drain removal, which reflects postoperative urine leakage from the VUA site, was a significant risk factor affecting the occurrence of BNC in all patients. Urinary leakage through the anastomotic gap delays healing of the suture site, while also causing BNC by inducing the proliferation of myofibroblast cells and wound contracture [11] . Several previous studies have also suggested urinary extravasation as a risk factor for BNC occurrence [12, 13] . However, controversies remain. Huang and Lepor [14] reported that the degree of urinary extravasation on cystography was not related to BNC, and Hanson et al. [15] found that the amount of postoperative drain output is not associated with BNC occurrence . However, we thought that the length of time of urinary leakage may have a greater influence on wound contracture than extravasation degree on cystography or amount of leaked urine.
Significant intraoperative blood loss results in poor visualization of the surgical field, thus complicating mucosa-to-mucosa anastomosis of VUA. The presence of blood is also likely to cause BNC by inducing tissue inflammatory responses at the anastomosis site. Surya et al. [12] demonstrated that excessive intraoperative blood loss at the VUA increased BNC occurrence in a study of 156 patients undergoing RRP. Kostakopoulos et al. [13] showed that intraoperative blood loss greater than 1,000 mL was related to increased BNC. In the present study, the amount of intraoperative blood loss was greater than in previous studies, but the rate of BNC occurrence was similar. Although patients with BNC seemed to experience greater intraoperative blood loss, the difference was not statistically significant (p=0.387). We suggest that effort to guarantee direct visualization and additional sutures of the VUA, if needed, could improve watertight mucosal to mucosal anastomosis, which could then lessen the effect of excessive intraoperative blood loss.
Watertight VUA is the most important and the most challenging part of radical prostatectomy and is considered to be the most crucial factor predicting postoperative BNC. Technical modifications and efforts to ensure proper VUA have been introduced. According to a study that analyzed 4,132 cases performed by one surgeon from 1983 to 2007, the initial BNC occurrence rate was nearly 17% but was dramatically reduced over time as the surgeon became more experienced. The rate was as low as 1% for the final 500 cases. During the initial period, the surgeon had used only four sutures for VUA but later began to make five sutures at the 2, 4, 6, 8, and 10 o'clock positions in order to reduce anastomotic leak [16] . In another study, Orvieto et al. [17] showed that the rate of occurrence of BNC was 5.7% before 2000 and was reduced to 0.2% after 2000 among 977 cases when the following modifications were applied: 1) reconstruction of the bladder neck to a diameter of 28 French; 2) placement of a posterior (6 o'clock) vesicourethral suture during mild traction before placing this suture into the bladder, allowing inspection and, if necessary, replacement of any of the previously placed sutures; and 3) bladder displacement when tying the vesicourethral sutures, which allows the sutures to be tied under direct visual observation. In those studies, technical modification and efforts to complete proper watertight anastomosis of VUA resulted in reduced BNC occurrence. In the present study, an additional suture was added to the routine six sutures at the VUA site to reduce urinary leakage under direct visualization. Although it was not possible to analyze the effects of accumulation of experience or additional sutures on the reduction of urine leakage or the occurrence of BNC, we did observe that decreased urinary leakage at watertight VUA sites was related to reduced BNC occurrence.
In previous studies that compared ORP with LRP or RARP, the rate of occurrence of BNC from LRP or RARP was reported to be lower than that from ORP [8, 9, 18] . The magnification of visualization and excellent movement of the device inside the narrow pelvic cavity in LRP and RARP enables the surgeon to more easily and effectively conduct VUA, and the running suture technique for VUA could be helpful for decreasing the rate of urinary leakage. Rassweiler et al. [19] reported that postoperative cystography performed 7 days after surgery showed that 90% of patients had a watertight anastomosis, which was significantly higher than the 69.4% of patients who had watertight anastomosis after ORP. They also reported that it was possible to remove the catheter at 3 days postoperatively, in contrast with the 14 to 21 days after ORP. Nadu et al. [20] demonstrated that postoperative cystography at 2 to 4 days after LRP showed that 85% of patients had a watertight anastomosis, and that no anatomic strictures occurred in any patients. The possible explanation for the higher success rate of watertight VUA in the RARP and LRP groups is that a running anastomosis under better visualization may result in reduced urine extravasations.
In the present study, in the univariate and multivariate analyses of BNC occurrence, these operation methods were not significant as risk factors for BNC. The rate of occurrence of BNC was 3.6% in patients who underwent LRP or RARP (4.0% in patients who underwent LRP and 0% in patients who underwent RARP). BNC occurred in 1 of 18 patients (5.6%) who underwent LRP during the early experience of the surgeon, and the rate of occurrence gradually decreased over time, reaching 2.6% (1/37) in 2008 (p=0.572). In the 25 patients who had undergone RARP, despite surgeries performed by inexperienced surgeons, no BNC occurred.
According to a study by Msezane et al. [6] , among 634 RARP cases, BNC occurred in 7 patients (1.1%) and the operation time was significantly longer in the BNC group than in the non-BNC group (283 minutes vs. 225 minutes). The authors suggested longer operative time with steep Trendelenburg position and pneumoperitoneal pressure of 14 to 20 mmHg could result in local tissue ischemia and subsequent BNC occurrence. In the present study, the patients who underwent LRP and those who underwent RARP showed differences in operation time as well as the length of time before drain removal. However, only the operation time was significantly different in the multivariate analysis. The number of LRP and RARP cases in the present study was too small to identify statistical significance for operation time. Furthermore, each surgeon performed cystography at different times, so we could not compare the length of time that it took for the anastomosis to become watertight after ORP, LRP, and RARP.
NVB preservation plays an important role in aiding the recovery of potency and continence after radical prostatectomies [21, 22] and also prevents unnecessary removal of periurethral tissues that carry the blood supply to the VUA while dissecting the apex of the prostate for NVB preservation. Erickson et al. [16] analyzed 4,132 ORP cases performed from 1983 to 2007 and reported that during a mean follow-up period of 44 months, BNC occurred in 110 patients (2.5%). A lack of NVB preservation or surgery prior to 1992 were significant risk factors for BNC, and the prevalence of erectile dysfunction and incontinence was significantly higher in patients with BNC. In the present study, NVB preservation was achieved in 48.4% of all patients, and BNC occurred in 5.2% of patients without NVB preservation compared with 3% of those who had NVB preservation, but this difference was not statistically significant.
Our study did have several limitations. First, this study was performed retrospectively; thus, the rate of occurrence of BNC could be underestimated owing to undetected BNC. Second, we used the length of time before drain removal as a marker of urinary leakage, but fluid from the drain also contained blood, lymphatics, and peritoneal fluid, particularly in RARP and LRP. Thus, it was possible to overestimate VUA leakage. Surgeons tried to reduce this inaccuracy by estimating fluid creatinine levels and other blood profiles. In addition, because the number of LRP and RARP operations was small, and the number of patients with BNC was also low, it was difficult to analyze the rates of occurrence of BNC according to operative method.
CONCLUSIONS
Postradical prostatectomy BNC occurred in 4.3% of patients in the present study, and the most significant factor related to BNC occurrence was the length of time before drain removal, which in turn reflects urinary leakage from the anastomosis site. Urinary leakage can be prevented by elaborate and meticulous anastomosis of the bladder neck and urethra, thereby reducing the frequency of BNC.
